The effects of Spartina alterniflora invasion on macrobenthos have long been of concern; however, there is currently no unified conclusion regarding these effects. Most studies on crabs focus on one species or limited habitat types, and assessments of the communitylevel effects of S. alterniflora invasion considering multiple species and habitat types have rarely been conducted. In this study, we sampled crabs along a habitat gradient from the shoreline to inland areas on the Yellow Sea coast, including the mudflat, S. alterniflora marsh, Suaeda salsa marsh and Phragmites australis marsh. A total of ten crab species were found among all habitats, with five species in the mudflat, six species in S. alterniflora marsh, seven species in S. salsa marsh, and four species in P. australis marsh. The Shannon index values for the crab communities were similar between S. alterniflora marsh and S. salsa marsh, and these values were significantly higher than those for the mudflat and P. australis marsh. However, the total biomass of crabs was highest in the mudflat, and Metaplax longipes, Philyra pisum and Macrophthalmus dilatatus exclusively preferred the mudflat. The analysis of principal components and similarities showed that the crab community structure in S. alterniflora marsh was most similar to that in S. salsa marsh, while the crab community structure in the mudflat was most different from that in the other habitat types. Our results demonstrate that the distribution of crabs varies across a habitat gradient after S. alterniflora invasion and that the crab community in S. alterniflora marsh is slightly different from that associated with the local vegetation but shows a large difference from that in the mudflat. This study indicates that some crab species may have adapted to habitat containing alien S. alterniflora, while other crab species reject this new marsh type. The effects of the distribution of crabs after S. alterniflora invasion on the regional ecosystem need further study in the future. Abstract 16 The effects of Spartina alterniflora invasion on macrobenthos have long been of concern; 17 however, there is currently no unified conclusion regarding these effects. Most studies on crabs 18 focus on one species or limited habitat types, and assessments of the community-level effects of 19 S. alterniflora invasion considering multiple species and habitat types have rarely been 20 conducted. In this study, we sampled crabs along a habitat gradient from the shoreline to inland 21 areas on the Yellow Sea coast, including the mudflat, S. alterniflora marsh, Suaeda salsa marsh 22 and Phragmites australis marsh. A total of ten crab species were found among all habitats, with 23 five species in the mudflat, six species in S. alterniflora marsh, seven species in S. salsa marsh, 24 and four species in P. australis marsh. The Shannon index values for the crab communities were 25 similar between S. alterniflora marsh and S. salsa marsh, and these values were significantly 26 higher than those for the mudflat and P. australis marsh. However, the total biomass of crabs 27 was highest in the mudflat, and Metaplax longipes, Philyra pisum and Macrophthalmus dilatatus 28 exclusively preferred the mudflat. The analysis of principal components and similarities showed 29 that the crab community structure in S. alterniflora marsh was most similar to that in S. salsa 30 marsh, while the crab community structure in the mudflat was most different from that in the 31 other habitat types. Our results demonstrate that the distribution of crabs varies across a habitat 32 gradient after S. alterniflora invasion and that the crab community in S. alterniflora marsh is 33 slightly different from that associated with the local vegetation but shows a large difference from 34 that in the mudflat. This study indicates that some crab species may have adapted to habitat 35 containing alien S. alterniflora, while other crab species reject this new marsh type. The effects 36 of the distribution of crabs after S. alterniflora invasion on the regional ecosystem need further 37 study in the future.
120 September for the final analysis. 121 Data Analysis 122 The differences in the characteristics of plants, the number of species and biomass of crabs, and 123 the Shannon diversity index of the crab communities among the four habitat types were 124 examined using one-way ANOVA. The total biomass and Shannon diversity index values were 125 calculated using the data from the crabs in each quadrat. To meet the assumptions of ANOVA, 126 the numeric data were log or arcsine transformed prior to statistical analysis if necessary, and a 127 Tukey HSD test followed if a significant difference was found. A principal component analysis 128 (PCA) was performed to reduce the dimensions of the crab data to graphically analyze the 129 patterns of the crab community structure according to habitat type. Each community was plotted 130 as a point in space created by the first two PCA axes. Then, we tested for differences among 131 habitats using one-way analysis of similarities (ANOSIM) (Clarke & Warrick, 1994) and used 132 analysis of dissimilarity (SIMPER) to identify the species driving the dissimilarity among 133 habitats (the relative contribution of individual species to the dissimilarity) (Clarke & Warrick, 134 2001). Before the ANOSIM and SIMPER analyses, the data were square root transformed to 135 give equal weight to rare taxa, and a Bray-Curtis similarity matrix was generated (Bray & Curtis, 136 1957). We also showed the temporal and spatial changes in the biomass of different crab species 137 with multiple bar charts to evaluate the stability of the abundance of the individual crab species. 138 All statistical analyses and graphing procedures were performed using the software R (version 139 3.5.1, R Core Team, 2018) with the FactoMineR (used for the PCA), vegan (used for the 140 ANOSIM and SIMPER) and ggplot2 packages (Wickham, 2016).
142 Results
143 Plant characteristics 144 In the different habitat types, there were significant differences in the plant height and stem 145 density (Table 1) . P. australis marsh had the greatest plant height (F 2, 297 = 805.4, p < 0.001), and 146 S. alterniflora marsh had the greatest population density (F 2, 27 = 102.4, p < 0.001). The plant 147 height and density in S. salsa marsh were significantly lower than those in the other two habitats. 148 Composition of Crab Species 149 A total of ten crab species were found among all habitats, with five species in the mudflat, six 150 species in S. alterniflora marsh, seven species in S. salsa marsh, and four species in P. australis 151 marsh. Most species belonged to the phytophagous group, while the carnivorous group was 152 represented by one species, and the omnivorous group contained two species (Table 2 ). There 153 were significant differences in the composition of the crab communities and the density of each 154 crab species in the different habitat types ( Table 2 ). The dominant species in the mudflat were 155 Philyra pisum and Macrophthalmus dilatatus, but there were no obvious dominant species in the 156 other three habitat types. P. pisum, M. dilatatus and Metaplax longipes were only found in the 157 mudflat, Cleistostoma dilatatum was only found in S. salsa marsh, and Eriocheir sinensis and 158 Helice tientsinensis were widespread in all habitat types ( Table 2 ). The total biomass per trap 159 was the greatest in the mudflat (F 3, 76 = 16.11, p < 0.001). However, the Shannon diversity index 240 alterniflora marsh was lower than that in the mudflat but higher than that in P. australis marsh 241 and S. salsa marsh. The Shannon diversity index value of crabs in S. alterniflora marsh was 242 higher than that for the mudflat and P. australis marsh and lower than that for S. salsa marsh. 243 Therefore, we think that exotic S. alterniflora can offer suitable habitat for some crab species, 244 especially those in the phytophagous group. For example, C. haematochir, C. dehaani, and U. 245 arcuata were more abundant in S. alterniflora marsh than in the other habitat types. 246 Despite the fact that S. alterniflora can create suitable environmental conditions that are 247 consistent with the habitat requirements of some crab species (Gao et al. 2018; Wang et al. 2008), 248 invasion may reduce the ecological niches of habitat-specific crabs. S. alterniflora is more 249 competitive than native plants, especially in the mudflat and S. salsa marsh, and rapidly replaces 250 these two habitat types (Zuo et al. 2012) . According to our results, the crab biomass in the 251 mudflat was the largest among all habitat types (Fig. 2) ; for example, M. longipes, P. pisum and 252 M. dilatatus only preferred the mudflat habitat (Table 2 ; Fig. 4 ). These species prefer to forage in 253 low-altitude flooded habitats, but alien S. alterniflora accelerated sediment deposition and 254 increased the elevation in invaded areas (Chen 2014). The Shannon diversity index value for 255 crabs was highest in S. salsa marsh (Fig. 2) , and C. dilatatum was only found in S. salsa marsh 256 (Table 2 ; Fig. 4 ), perhaps because S. alterniflora marsh does not provide the preferred food of 257 this species. The loss of suitable habitat may cause the dramatic decline of populations of these 258 crab species. The crab community structure in S. alterniflora marsh was significantly different 259 from that in the mudflat according to the results of the PCA, ANOSIM and SIMPER ( Fig. 3 ; 260 Table 3 ), which means that even though S. alterniflora marsh hosts a considerable number of 261 crabs, this habitat containing exotic vegetation may not perform the same ecological function as 262 the mudflat. This study examined the distribution of crab communities along a habitat gradient from the 284 shoreline to inland areas on the Yellow Sea coast in China, where the invasion of S. alterniflora 285 has seriously encroached on the mudflat and native vegetation. Our results reveal that the crab 286 community in S. alterniflora marsh is slightly different from that associated with the local 287 vegetation but shows a large difference from that in the mudflat. This study indicates that S. 288 alterniflora marsh can offer suitable habitat for some crab species, while some habitat-specific 289 crab species reject this new habitat. The effects of the distribution of crabs after S. alterniflora 290 invasion on the regional ecosystem will need further study in the future. 291 292 Acknowledgements 293 We thank Bin Liu and patrols at Yancheng National Natural Reserve for assistance and support 294 in the field sampling. 
